Europe occur during blocking whereas warm spells are correlated to blocking mainly in northern Europe. Over the analysis period, substantial interannual variability is found but also a decrease in cold spells and an increase in warm spells. The long-term change to a warmer climate holds the potential for even higher vulnerability to spring cold extremes.
side the 10th to 90th percentile range for at least 6 consecutive days. Cold and warm spells in Europe over 1979 to 2014 are analyzed in observations from E-Obs data and the connection to blocking is examined in geopotential height fields from ERA-Interim. A highly significant link between blocking and cold and warm spells is found which changes during spring. Blocking over the north-eastern Atlantic and Scandinavia is correlated with the occurrence of cold spells in Europe, particularly early in spring, while blocking over central Europe is associated with warmer conditions, particularly from March onwards. The location of the block also impacts the spatial distribution of temperature extremes. More than 80 % of cold spells in south-eastern Europe occur during blocking whereas warm spells are correlated to blocking mainly in northern Europe. Over the analysis period, substantial interannual variability is found but also a decrease in cold spells and an increase in warm spells. The long-term change to a warmer climate holds the potential for even higher vulnerability to spring cold extremes. 
54
(e.g., Trigo et al. 2004; Bieli et al. 2015) . A range of studies has either focused on the predominant 55 cooling effect of blocking in winter (Trigo et al. 2004; Barriopedro et al. 2008; Cattiaux et al. 56 2010; Buehler et al. 2011; Sillmann et al. 2011; Whan et al. 2016) or on the warming effect in 57 summer (Xoplaki et al. 2003; Cassou et al. 2005; Pfahl and Wernli 2012; Stefanon et al. 2012 (Hufkens et al. 2012; Menzel et al. 2015 , and references therein). Ma et al. (2016) showed the 68 potential of earlier spring green-up to also impact European warm spells via feedback processes.
69
In this study we analyze the connection of blocking and extreme temperature occurrences, their 70 spatial distribution and change over the last decades. We focus on spring on a month-by-month 71 basis, but also show results for the seasonal mean of other seasons. We describe data and methods 72 in section 2. Results are presented in section 3 and a summary is given in section 4. 
Data and Methods

74
The detection of temperature extremes is based on E-Obs version 12.0 (Haylock et al. 2008 we adjust the spatial criterion to consider CSDs/WSDs with more than half of their grid points in 106 5 the selected subdomain. For selection of blocking in subdomains we consider blocks with at least 107 one blocked grid point in the selected subdomain.
108
In order to test any co-occurrence of CSDs/WSDs and blocked days for significance we perform 
Results
120
The time evolution of blocked and extreme days over time is presented in Fig (Fig. 1c, bottom) we find more spells also occurs after de-trending (Fig. 1c, top) , pointing at the role of internal variability.
131
Over the spring season, the number of WSDs and with it the number of blocked WSDs increases 132 towards summer (Fig. 1b, right) . Over the analysis period, the seasonal mean time series also show 133 considerable interannual variability for WSDs (Fig. 1d, top) . If the trend is not removed from the 134 underlying temperature time series (Fig. 1d, bottom) an increase of the number of WSDs (both, show a significant correlation with blocking (as do summer months), except February on the transi-150 tion from winter to spring exhibits a significant anti-correlation (as do winter months; cf. Table 1 ).
151
Analyzing blocking on a grid point basis, the climatological blocking frequency in the Euro-
152
Atlantic region is generally between 2 % and 6 % of spring days. The blocking frequency coin- 
173
The blocking frequency coinciding with WSDs in spring is found to be up to three times higher 174 than during climatological conditions (Fig. 3a) frequency shows a strong increase and is significantly higher than the climatological mean. The 186 maximum of the frequency shifts slightly to the north towards summer.
187
Having analyzed the distribution of blocking frequencies, we now reversely investigate the spa- 1363 blocked days in spring (Fig. 4c, d) ing that the trend is due to large scale warming rather than a change in circulation. The shift in 239 probability of less cold extremes towards a higher probability of warm extremes, particularly in 240 late spring, is consistent with recent findings on the earlier onset of summer and disruption of the 
249
The location of the block is found also essential for its impact on European extreme tempera- 
255
The spatial distribution of cold and warm spells during blocking reveals a distinct dipole pattern.
256
Cold spells in south-eastern Europe are found highly correlated with blocking, and more than 80 % 257 of cold spell days co-occur with a blocking. In contrast, cold spells in northern Scandinavia and increases the probability for both high and low temperature extremes here.
263
The occurrence of atmospheric blocking in the European region is found to be crucial for the 264 development of both, extended cold and warm spells, in spring. We provide insight into the chang- 
